Background: Several studies have related longer breastfeeding duration to better intellectual performance in children. By contrast, few studies have investigated the potential protective effects of breastfeeding against behavioral problems such as attention deficit hyperactivity disorder (ADHD) symptoms, and even fewer on autism spectrum disorders (ASD) traits. Methods: We examined the association between breastfeeding duration and cognitive development, attention, ADHD symptoms, and autistic traits using data from the INMA Project, a Spanish multicenter birth-cohort study, and taking into account the intensity of breastfeeding. Duration of any, predominant, and exclusive breastfeeding was documented during infancy through maternal questionnaires. Children (N = 1,346; mean age = 4.9 y) were assessed using the McCarthy Scales of Children's Abilities, Conners' Kiddie Continuous Performance Test, criteria of the DSM-ADHD symptoms form list, and the Childhood Autism Spectrum Test. results: After adjustment for several confounders, longer duration of breastfeeding was independently associated with better cognitive development and with fewer autistic traits. conclusion: This study provides further evidence of a positive association of breastfeeding with cognitive function apart from socio-environmental factors, and also suggests a protective role against autistic traits. Results are in agreement with recommendations for prolonged breastfeeding duration to promote child development.
B
reastfeeding has been associated with better intellectual function in children in several epidemiological studies (1) . Confounding by parental and socio-environmental factors such as maternal IQ, smoking during pregnancy, parental education, and quality of home environment constitutes a major issue in these studies, since this association may be reduced to a nonsignificant trend after statistical control for such variables (2) . Nevertheless, the majority of recent investigations have supported the existence of an association between duration of breastfeeding and child cognition beyond parental and socio-environmental factors (3) (4) (5) (6) . Inconsistent assessment of breastfeeding duration and intensity, and variability in the tasks used to assess child intelligence, may have accounted for negative findings in some studies (7, 8) .
In comparison to the large amount of literature relating breastfeeding to intellectual function in children, very few studies have assessed its potential effects on symptoms of attention deficit hyperactivity disorder (ADHD) and pervasive developmental disorders. Some epidemiological investigations have examined the associations between breastfeeding and behavioral inattention and/or hyperactivity, with some suggesting protective effects (9,10), but others not (11, 12) . The use of a general questionnaire of children's strengths and difficulties rather than a specific ADHD questionnaire, and the lack of direct assessment of children's attention function, may account for the absence of significant association in the latter studies. Other factors, such as the different categorizations of breastfeeding duration and intensity, further complicate comparisons between studies. A few retrospective studies have reported that children with autism spectrum disorders (ASD) are typically breastfed for shorter periods than normally-developing children (13) (14) (15) . However, a recent study using data from a large representative survey of US children found no relationship between breastfeeding history and ASD diagnosis (16) . To our knowledge, no prospective study has yet examined the relationship of breastfeeding with autistic traits and ASD.
In Spanish children involved in the sub-cohort from Sabadell of the Infancia y Medio Ambiente (INMA)-Environment and Childhood-Project, we reported that prolonged duration of predominant breastfeeding was independently associated with Articles cognitive function at 4 y of age, after statistical control for a wide range of family and social variables, including parental mental health and maternal cognitive function (5) . The present study assessed whether any, predominant, and exclusive breastfeeding duration have an impact on cognitive development, attention function, ADHD symptoms, and autistic traits, after taking into account parental and socio-environmental factors, and examines whether the impacts on cognitive development and on behavioral problems are independent from each other.
METHODS

Participants and Procedure
Participants were recruited as part of the INMA Project, a multicenter birth cohort study aimed at investigating the effect of environmental exposures and diet during pregnancy on fetal and child development in different areas of Spain (17) . Cohorts included in this analysis were established in [2003] [2004] [2005] [2006] [2007] [2008] in the geographical areas of Asturias, Gipuzkoa, Sabadell, and Valencia. A total of 2,644 eligible women (≥16 y, intention to deliver at the reference hospital, ability to communicate in Spanish or the other official language in the region, singleton pregnancy, no assisted conception) were recruited during prenatal visits in the first trimester of pregnancy. Women were followed through pregnancy and children from birth through the fourth year of life. Of the 2,506 children followed through birth, 2,080 (83%) were evaluated at ≥ 4 y. Participants lost to follow-up were characterized by lower scores on most socio-environmental variables and had significantly shorter duration of exclusive breastfeeding in comparison to children still participating at ≥ 4 y (Supplementary Table  S8 online). Final analyses included all children (N = 1346) born at term (≥ 37 wk) with complete data for any breastfeeding variable, for whom assessment of cognitive development, attention, ADHD symptoms, or autistic traits was available, and for whom for all covariates were available. Participants who were excluded due to missing data on any confounding variable were younger at testing and their mothers had higher social class compared to the included participants, but they were comparable with breastfeeding duration and on the vast majority of confounding variables (Supplementary Table S9 online). Participating mothers signed an informed consent form in each phase, and the ethics committees of the centers involved approved the research protocol.
Breastfeeding Assessment
Detailed information about the child's diet was obtained using interviewer-administered questionnaires with the mothers when children were 6 mo old (Asturias and Sabadell sub-cohorts), 14 mo, and 4 y (all sub-cohorts) (Supplementary Figure S1 online). "Any breastfeeding" was defined as the child receiving any type of breast milk feeding, no matter if combined or not with other diets; "predominant breastfeeding", as the child breastfed only, but allowing supplementations of non-milk liquids, fruit juice, oral rehydration salts solution, drops, and syrup forms of vitamins, minerals, and medicines; and "exclusive" breastfeeding, as the child receiving breast milk only, not allowing other food or drink, not even water, but allowing the infant to receive oral rehydration salts solution, drops and syrups. Information on exclusive breastfeeding was not collected in the Valencia cohort (n = 484, 36.0%).
Child Assessment
Cognitive development was assessed using the Spanish version of the McCarthy Scales of Children's Abilities (MSCA) (18) . The MSCA is composed of subtests assessing verbal, perceptive-performance, memory, quantitative, and motor function, and generates a General Cognitive Index (GCI). For each cohort, raw scores from the GCI were centered to a mean of 100, with a standard deviation of 15 to compute index scores. All testing was performed by trained psychologists. Examiners identified children whose tests were of good quality (n = 1,265), of poor quality (e.g., due to fatigue, illness, etc.; n = 66) and those for whom testing was invalided due to lack of collaboration (n = 7). Children with invalid testing were excluded from all MSCA analyses.
Attention function was assessed using Conners' Kiddie Continuous Performance Test (K-CPT), a 7-min computerized test in which children were instructed to press the space-bar when they saw any image on the computer screen, except a ball (19) . Omissions (child failing to respond when he/she should), false alarms (child responds when he/she should not) and hit reaction time (mean response time for all correct hits) were computed and examined separately.
ADHD symptoms were estimated using the ADHD criteria of Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (ADHD-DSM-IV) form list completed by the child's classroom teacher (20) . ADHD-DSM-IV is an internationally recognized form list comprising 18 symptoms and is designed to evaluate attention deficit (9 symptoms) and hyperactivity and impulsivity (9 symptoms) in children. Each symptom is rated using a 4-point scale, i.e., 0 = "not at all", 1 = "just a little", 2 = "pretty much", and 3 = "very much". Sum of scores was calculated to provide continuous measures of inattention, hyperactivity/impulsivity, and combined ADHD symptoms. ADHD in the clinical range was estimated by recording ratings of options 0 and 1 as "symptom absent", and ratings of 2 and 3 as "symptom present", and using the DSM-IV criteria for ADHD (≥ 6 symptoms within a single category). Cronbach's Alpha Coefficient analyses in our sample were >0.89 for all ADHD-DSM-IVscales, suggesting excellent internal consistency.
Autistic traits were assessed using the Spanish version of the Childhood Autism Spectrum Test (CAST; formerly Childhood Asperger Syndrome Test) (21) . The CAST is a 37-item questionnaire that the evaluator administers to the child's parents. Each question can be scored with 0 (autism-negative response) or 1 point (autismpositive response), except for six questions that are not scored. The maximum possible score is 31 points. The total number of points was computed to provide a continuous measure of autistic traits. Higher scores indicate more autistic traits. Additionally, a score of 15 has been used as a cut-off to identify children at risk for ASD. Cronbach's Alpha Coefficient analysis in our sample was of 0.64 for CAST total score.
Other Variables
A set of potentially confounding variables was selected a priori based on prior studies of the effects of breastfeeding on child development. Information on parental education, social class, and other sociodemographic characteristics and habits (including maternal age and country of birth, parity, and maternal smoking) were obtained through questionnaires during the first and third trimesters of pregnancy, and when the child was 14 mo and 4 y of age (5) . Child care attendance (yes/no) was assessed at each postnatal visit. Maternal verbal IQ was estimated at the 4-y assessment using the Similarities subtest of the Weschler Adult Intelligence Scales-Third Edition (WAIS-III), a subtest showing strong correlations with the full verbal scale (22) . Raw scores were converted to an IQ-scale with a mean of 100 and a standard deviation of 15, using data from the entire sample. Maternal psychopathology was assessed at the 4-y assessment using the Symptom Checklist -Revised (SCL-90-R), a self-reported questionnaire comprising 90 items which provides a Global Severity Index designed to measure overall psychological distress (23) . T-scores > 65 on the Global Severity Index were considered at risk for psychopathology. For the subsample of participants from the Gipuzkoa cohort, quality of family context was also assessed at 2 y using the Etxadi-Gangoiti Scale (EGS), a 127-item interview carried out in the family's home by psychologists. The EGS provides three subscales (Stimulation of cognitive and linguistic development, Stimulation of social and emotional development, and Organisation of the social context and physical environment) (24).
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between breastfeeding duration and MSCA -GCI, K-CPT omission errors, commission errors and hit reaction time, ADHD-DSM-IV Inattention, Hyperactivity, and Total symptoms, and CAST total score were examined using linear regression analyses. Associations with ADHD scores within the clinical range and CAST scores in the borderline range (yes vs. no) were also examined using logistic regression analysis. In order to illustrate the extent to which socioenvironmental variables accounted for the associations between breastfeeding duration and outcomes, child and assessment covariates were included as a first step in the regression model (minimally-adjusted models), and social and parental covariates were entered as a second step (fully-adjusted models). Because birthweight and maternal age might not be linearly associated with child outcomes, several categories of these covariates were created, and those that explained the largest percentages of child outcomes were used in subsequent models. Standardized regression coefficients are reported to facilitate comparisons across developmental domains, and raw regression coefficients are also reported to facilitate interpretation of the results.
Minimally-adjusted models included the following child variables: age (continuous), sex, cohort (Asturias/Gipuzkoa/Sabadell/ Valencia), birthweight (<−1.5 SD/−1.5 -0 SD/0 -1.5 SD/> 1.5 SD to the sample mean), and quality of assessment (good vs. poor; MSCA analyses only). Fully-adjusted models additionally adjusted for parity (0 vs. ≥1), maternal variables: age (< 25/25-29/30-34/35+ years), education (primary or less/secondary school/ university), social class (managers, technicians, and associate professionals/skill manual and other nonmanual workers/semiskilled and unskilled manual workers), country of birth (Spain: yes/no), smoking during pregnancy (yes/no), verbal IQ proxy (continuous), and psychological distress (at risk for psychopathology: yes/no); paternal variables: education and social class (same categories as for maternal variables); and child care (attending to kindergarten at 18 mo: yes/no). In order to examine whether different associations were observed for "any", "predominant" and "exclusive" breastfeeding due to sample differences, analyses were rerun including children with available data for all types of breastfeeding only. To exclude the possibility that any observed effect was attributable to differences between breastfed and nonbreastfed children, all analyses were also rerun without nonbreastfed children. Significant associations between duration of any breastfeeding and child outcomes were explored further by replacing the continuous breastfeeding duration variable by the following categories: 0 (not breastfed) -2 mo (used as reference); 2-6 mo; 6-12 mo; > 12 mo. The effect of child gender on the relationship between duration of breastfeeding and each outcome was examined using linear regression analyses stratified by sex, and by adding the interaction term to the main regression models. Because quality of family context was available for < 20% of the sample, it was not included in the main regression models; nevertheless, because of previous evidence suggesting that quality of home environment constitutes a major confounding factor in the relationship between breastfeeding and child development (2), supplemental analyses were conducted in order to examine the impact of controlling for EGS scores on the study results, within the subsample from the Gipuzkoa sub-cohort for which this variable was available. In order to maximize sample size, this supplemental set of analyses only controlled for child characteristics in addition to quality of family context, which allowed for the inclusion of additional children who had missing data on socio-environmental variables. In order to examine whether the relationship of breastfeeding duration to a given child outcome was independent from its association with other child outcomes that were found to be associated with breastfeeding, all significant final models were rerun including the other outcomes as covariates. Finally, to evaluate the role of participant loss due to attrition and missing data, main linear regression models for each child outcome with duration of any breastfeeding as a predictor were reconducted using inverse probability weighting (25) .
Associations were considered statistically significant at P < 0.05. All analyses were conducted with IBM SPSS Statistics Version 22.0 (IBM, Armonk, NY).
RESULTS
Descriptive Characteristics
Descriptive characteristics of the total sample are presented in Table 1 . A large majority of mothers breastfed their children, and those who breastfed did so for 7 mo on average. About 90% of those mothers used a predominant breastfeeding diet for their child. Duration of each type of breastfeeding (any, predominant, and exclusive) was strongly correlated (r s : 0.60-0.87). Several factors were simultaneously correlated with breastfeeding duration and child outcomes (Supplementary Table S1 online). Most importantly, parental education and social class, and maternal verbal IQ correlated with longer duration of breastfeeding and with better outcomes, whereas maternal psychopathology and smoking during pregnancy correlated with shorter breastfeeding duration and with poorer outcomes.
Associations Between Breastfeeding Duration and Child Outcomes
After adjustment for all covariates, longer duration of any, predominant, and exclusive breastfeeding were all associated with a small but significant improvement in cognitive development (MSCA), and longer duration of any and predominant breastfeeding were significantly associated with decreased autistic traits (CAST; Table 2 ). Additionally, longer duration of any and exclusive breastfeeding were associated with slower reaction time on the K-CPT. None of the associations between breastfeeding duration and ADHD symptoms remained significant in fully-adjusted models. Logistic regression analyses with the same set of covariates did not reveal any significant association between duration of any (odds ratio When restricting analyses to children with available data for duration of any, predominant, and exclusive breastfeeding to facilitate comparisons across intensities of breastfeeding, the strengths of the associations with child outcomes were highly similar, with the exception of autistic traits which were more strongly and only significantly associated with duration of any breastfeeding (Supplementary Table S2 online).
After exclusion of nonbreastfed children from the analyses, associations with cognitive development and with autistic traits remained significant and were even slightly strengthened when compared with analyses involving the whole sample (Supplementary Table S3 online) . While the associations with longer reaction time on the K-CPT fell short of statistical significance, new associations emerged with ADHD symptoms, suggesting reduced symptoms with longer duration of any breastfeeding. There were still no significant associations with ADHD score in the clinical range or CAST score in the borderline range (not shown). Duration only shown for mothers who breastfed (any breastfeeding > 0); c Supplemental analyses using categories instead of a continuous variable of duration of any breastfeeding revealed that, in comparison to children breastfed 0 to 2 mo, those who were breastfed for more than 12 mo had a 3.65-point advantage (0.24 SD) on the MSCA GCI and had a 0.62-point reduction (0.19 SD) on the total CAST score (Supplementary Table S4 online). It should be noted that statistical control for socio-environmental covariates seemed to have a stronger effect for breastfeeding 6 to 12 mo in comparison to breastfeeding > 12 mo, which may reflect a smaller association between these confounding factors and breastfeeding duration when breastfeeding extends beyond usual duration recommendations.
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Effect of Child Sex
Analyses stratified by sex revealed somewhat stronger beneficial effects among girls, in whom associations with cognitive development and autistic traits were statistically significant. However, none of the interaction terms reached statistical significance ( Table 3) . 
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Control for Quality of Family Context
Inclusion of quality of family context variables, within the subsample of participants from the Gipuzkoa sub-cohort in whom the EGS was used, had very little influence, if any, on the regression coefficients for the association between breastfeeding duration and child outcomes, suggesting that these variables were not a significant confounder in our sample (Supplementary Table S5 online).
Independence of the Relationship Between Breastfeeding and Each Outcome
Results from regression models including other outcomes as covariates suggest that the relationships of breastfeeding duration to cognitive development and to autistic traits are independent from each other and from ADHD symptoms (Supplementary Table S6 online).
Impact of Missing Data
Associations between the duration of any breastfeeding and child outcomes were re-examined in supplemental analyses using inverse probability weighting to deal with missing data (Supplementary Table S7 online). In these models, the relations of breastfeeding to cognitive development and to ADHD symptoms remained stable and were statistically significant. However, the effect on autistic traits was reduced to a nonsignificant trend (P = 0.098).
DISCUSSION
This study examined the relationship of breastfeeding with cognitive development, attention, ADHD symptoms, and autistic traits at 4 y of age in a multi-center prospective birth-cohort study of Spanish children. Longer duration of breastfeeding was independently associated with a small improvement in global cognitive function and with slightly fewer autistic traits. Although part of this association was explained by environmental factors, results were robust as they remained statistically significant after control for a wide range of confounders. In fully adjusted statistical models, each additional month of any type of breastfeeding was associated with a 0.19-point increase in MSCA GCI and with a 0.04-point decrease in CAST total score. More mitigated effects were found on ADHD symptoms and attention function. Beneficial associations were more evident in girls, although there were no significant interactions between breastfeeding and child sex. Whether duration of any, predominant, or exclusive breastfeeding was used as the exposure variable had little influence on our results. Our results provide additional support for recommendations of prolonged breastfeeding duration to promote child development, and suggest that beneficial effects still occur with breastfeeding beyond the first 12 mo of life. The positive association found between breastfeeding duration and intellectual performance is consistent with the majority of studies on the topic (1,3-6 ). Although several of these studies have been criticized for their lack of documentation of socio-environmental confounders, our results suggest that this association is not entirely explained by such factors. Nevertheless, failure to adjust for these variables is most likely to result in an overestimation of the beneficial effects of breastfeeding, as supported by previous studies (2,3) . Indeed, in our study, statistical control for socio-environmental confounders reduced the strength of this association by about 30-45%, and the remaining effect, although statistically significant, was small and minimally clinically relevant. The relatively high proportion of mothers in our sample who reported breastfeeding their child for more than 12 mo may have contributed to these positive results. Beneficial effects of breastfeeding on cognitive development are especially salient among this group, possibly partly due to reduced confounding by measured socio-environmental factors when breastfeeding duration extends beyond recommendations. The relationship of breastfeeding to ADHD behaviors and externalizing behavioral problems has been examined in a few prospective studies. In a previous study conducted in Menorca, our group reported decreased ADHD behaviors and better social competence as a function of breastfeeding duration, although this study offered no control for maternal IQ and psychopathology (10) . In the present study, the relationship of breastfeeding to ADHD symptoms persisted after taking these confounders into account when we excluded nonbreastfed children from the analyses. The relationship was also significant in supplemental analyses using inverse probability weighting to deal for missing values. Other studies examining such behavioral problems have provided mixed findings. In a birth-cohort study conducted in Australia, breastfeeding for ≥ 6 mo was associated with decreased internalizing and externalizing behavior problems from infancy to adolescence in comparison to breastfeeding less than 6 mo (26). More recently, a large prospective study in United Kingdom found that, in comparison to not breastfeeding, breastfeeding for 2 to 4 mo was associated with decreased hyperactivity, and breastfeeding for ≥ 4 mo was associated with decreased behavioural problems, as assessed with the Strengths and Difficulties Questionnaire at 5 y in children born at term (9) . However, other studies using this questionnaire did not replicate this finding, even though some had found a positive association with cognitive development (4, 11, 12, 27) .
Our results do not support the presence of beneficial effects of prolonged breastfeeding duration on attention performance. Conversely, we found an association between longer duration of breastfeeding and slower reaction times on the K-CPT in some of our statistical models. Slower reaction times on the K-CPT typically indicate slower processing speed, although with children as young as 4-6 y it may also be confounded by better impulse control. Such a poorer validity of the K-CPT with young children is supported by the weak correlations observed with parental and socio-environmental characteristics, which in some cases were in the opposite direction to what would be expected in older children and in adults.
To our knowledge, our study is the first prospective investigation to suggest that longer duration of breastfeeding protects against developing autistic traits, and our data indicates that this association is independent from cognitive performance. At least three case-control studies also support the hypothesis of an association between breastfeeding and ASD. A study using data from an internet survey involving 861 children with ASD and 123 controls found that children who were not breastfed were 2.5 times more likely to suffer from ASD in comparison to children breastfed more than 6 mo (14) . A small parent survey of 60 children with and 85 children without ASD found that increased duration of breastfeeding was associated with a reduction in the number of ASD diagnoses (15) . Another study involving 102 ASD children and 102 matched controls from Oman also reported decreased risk of ASD in relation to earlier initiation of breastfeeding, increased duration of exclusive breastfeeding, and continued breastfeeding (13) . This contrasts with results from a recent study using data from the National Survey of Children's Health, a large nationally representative survey of US children including 37,901 children aged 2 to 5 y, which found no association between breastfeeding and ASD diagnosis (16) . The very young age (< 3 y) of some children, combined with reliance on health care provider diagnosis, may have resulted in misclassification of ASD cases in this survey, preventing the finding of significant associations. The factors contributing to ASD are poorly understood. Although genetic causes are well established, concordance among monozygotic twins is less than 100% and the severity and range of symptoms among concordant twins often differ strikingly (28) . This suggests that environmental factors are also involved, most probably through complex gene-environment interactions. Possible pathways for protective effects of breastfeeding against autistic traits include insulin-like growth factor deficiency, since it has been proposed as a possible factor in the development of autistic characteristics, which can be prevented by prolonged breastfeeding, and oxytocin release in the brain through breastfeeding stimulation (15, 29) . However, caution should be paid to interpretation of our findings, as the association between duration of any breastfeeding and autistic traits fell short of statistical significance in supplemental analyses using inverse probability weighting to deal for missing values, and replication of these findings is warranted.
Among the most frequently cited mechanisms for beneficial effects of breastfeeding for neuropsychological development is maternal transfer of essential long-chain polyunsaturated fatty acids (LC-PUFAs), which are present in large quantities in breast milk (30) . Higher intake of LC-PUFAs during early development has been associated with better cognitive function and decreased behavioral problems in children (31) (32) (33) . LC-PUFAs thus constitute a plausible mechanisms of action through which breastfeeding promotes cognitive development and protects against ADHD symptoms. The LC-PUFA hypothesis has been tested within the subsample of our participants from the Sabadell cohort, for whom LC-PUFAs were assessed in colostrum. When children were tested during infancy, beneficial effects of breastfeeding were stronger with high LC-PUFA levels (34) . However, when the same children were tested at 4 y, the relationship between breastfeeding and intelligence was independent of LC-PUFAs (5). Alternative hypotheses include physical or social interactions with the mother and influence of breastfeeding on gut microbiota (35) . Further investigations are needed to understand how breastfeeding promotes brain development.
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Although our study supports the presence of protective effects of prolonged breastfeeding duration against autistic traits and, to a lesser extent, ADHD symptoms, these results should not be interpreted as an indication that breastfeeding prevents the development of autism or ADHD. Indeed, not only our associations with autistic traits and ADHD symptoms were relatively weak and had therefore limited clinical significance, but we also found no significant association between breastfeeding duration and the occurrence of scores within the clinical range. Although this may be related to the low incidence of such high scores in our sample, it is nonetheless congruent with the data from the US National Survey of Children's Health suggesting no association between breastfeeding and formal diagnosis of ASD (16) . It is possible that a decrease in autistic traits does not prevent the development of ASD. Moreover, the design of our study does not allow to test for the causality of relationships. Since the child's behavior may influence the mother's motivation to pursue breastfeeding, we cannot rule out the possibility that infants who develop more autistic traits or ADHD symptoms during early childhood behaved in a way that incited their mothers to stop or reduce breastfeeding (36, 37) .
Strengths of our study include a large sample size, prospective design, documentation of breastfeeding intensity, use of specific and validated measures of autistic traits and ADHD symptoms, and statistical control for a large number of potential confounders. The use of direct child assessments (MSCA and K-CPT) as well as parental (CAST) and teacher (ADHD-DSM-IV) reports makes it unlikely that the beneficial effects reported here are the result of reporting bias, although attention assessment would have benefited from parental ratings as well. Despite the fact that particular attention was given to the issue of confounding, we cannot insure that we adjusted for all socio-environmental factors contributing to the association between breastfeeding and neuropsychological development. Another limitation is the relatively large child age range at assessment, which we addressed by controlling for child age in all of our statistical models.
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